Abstract: Sleep disorders are associated with an elevated risk of developing various diseases. Herbal supplementation has been shown to alleviate sleep disorders such as insomnia. Here, the effect on sleep quality of an herbal supplement was evaluated subjectively. The supplement primarily contained lavender essential oil, as well as L-theanine and extracts of lemon balm, passion flower, and chamomile. Fifty-one healthy adults with self-reported symptoms of insomnia, divided into placebo and treatment groups, completed a 6-week crossover study (1-week washout, 2-week intervention, 1-week washout, and 2-week intervention, sequentially). Participants were asked to fill out the Leeds Sleep Evaluation Questionnaire (LSEQ) survey weekly and keep a sleep diary daily, which were used to assess their sleep quality. Compared to the placebo group, the active group (participants who received the supplement) showed significant improvements in overall LSEQ scores (p < 0.01) and several individual LSEQ measures. No significant differences in data from the sleep diaries were observed. Age, body mass index, gender, and ethnicity did not significantly interact with any dependent variable. No serious adverse event was reported. The lavender oil containing supplement was effective in improving several subjective sleep parameters in participants with mild to moderate insomnia.
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PUBLIC INTEREST STATEMENT
Lack of sleep is a global burden leading to increased risk of diseases. More and more people are looking for relief beyond prescription drugs or over-the-counter sleep aids. In this clinical study, we tested a proprietary supplement (dōTERRA Serenity™ Restful Complex Softgels) containing lavender essential oil, L-theanine, lemon balm, passion flower, and chamomile, for its effect on sleep quality, using sleep quality questionnaires and sleep diaries. Fifty-one adults completed the 6-week crossover study. The study found that the Serenity supplement improved some sleep parameters for those with mild to moderate sleep problems. This study adds to our knowledge of the health effects of a complex, lavender essential oil based natural product on sleep quality. This study, along with others, suggests that complete natural products offer unique and effective alternatives to sleep aids or drugs.
Introduction
Nutrition, exercise, and sleep are considered the three pillars of health. Sleep disorders resulting in a lack of sleep is associated with an elevated risk of developing various diseases, a reduced quality of life, and negative socioeconomic consequences (Rao, Ozeki, & Juneja, 2015) . Lack of sleep may result in individuals turning to prescription drugs or other over-the-counter (OTC) sleep aids for relief. Unfortunately, intake of these types of sleep aids is often accompanied by side effects. New effective complex herbal products for improving sleep quality are in demand, as many consumers prefer natural alternatives where the origin of the product is more apparent. However, these products need to be validated for their safety and efficacy before use.
An important goal of improving sleep quality is to achieve anxiolysis, which is considered a requirement for high-quality sleep (Rao et al., 2015) . One natural compound that has shown promise as a sleep aid is the essential oil of lavender (Lavandula angustifolia) (Kasper et al., 2014; Uehleke, Schaper, Dienel, Schlaefke, & Stange, 2012; Woelk & Schläfke, 2010) . Lavender essential oil has been well researched as an anxiolytic agent (Bradley, Brown, Chu, & Lea, 2009; Imanishi et al., 2009; Kasper et al., 2014) . This could be attributed to its rich content of linalool and linalyl acetate, which are compounds that have well-known relaxing properties (Koto et al., 2006; Linck et al., 2009) . It can be inhaled (Lillehei, Halcón, Savik, & Reis, 2015) , applied topically (Hongratanaworakit, 2011) , or ingested (Dimpfel, Pischel, & Lehnfeld, 2004) to promote relaxation and sleep.
Other plant extracts have also shown promise for sleep enhancement. L-theanine, a non-protein amino acid occurring naturally in green tea leaves (Camellia sinensis), has demonstrated relaxing properties and may be useful as a sleep aid (Jang et al., 2012; Lyon, Kapoor, & Juneja, 2011) . Importantly, a study (Ozeki, Juneja, & Shirakawa, 2008) has shown that L-theanine does not promote daytime drowsiness, which is a desirable characteristic of sleep products. Other botanical ingredients, including lemon balm (Melissa officinalis), passion flower (Passiflora incarnata), and chamomile (Matricaria recutita) have long been used for their relaxing properties (Ngan & Conduit, 2011; Zick, Wright, Sen, & Arnedt, 2011) .
In the present study, we evaluated an oral supplement (dōTERRA Serenity™ Restful Complex Softgels) containing lavender essential oil, L-theanine, lemon balm, passion flower, and chamomile for its effect on sleep quality. Our objective was to assess how Serenity affects sleep quality in healthy adults with mild to moderate sleep impairment using the Leeds Sleep Evaluation Questionnaire (LSEQ) (Shahid, Wilkinson, Marcu, & Shapiro, 2011) and sleep diaries. We hypothesized that there would be a significant positive improvement in the measured sleep parameters based on the existing individual ingredient research.
Materials and methods

Participants
The study subjects were recruited from among dōTERRA (Pleasant Grove, UT, USA) employees and their family members. They included both male and female participants between 18 and 55 years old. Potential subjects gave informed consent and were screened using Insomnia Severity Index (ISI) scores. Subjects scoring less than 8 (representing little or no sleep disturbance) were excluded from the study, whereas those scoring 8 or higher were asked to provide a detailed medical history.
Other exclusion criteria included diagnosed clinical sleep disorders; intake of prescription medications affecting sleep; pregnancy or breastfeeding; lifestyle habits that modify the sleep-wake cycle (e.g. night shift); known allergy to any of the components of the study product; and unwillingness to stop taking OTC or herbal medications affecting sleep. Sixty-two participants were initially enrolled in the study.
Study products
The study product (dōTERRA Serenity™ Restful Complex Softgels) was provided by dōTERRA International. Each Serenity softgel contains 80 mg of lavender essential oil, 50 mg L-theanine, and 25 mg of a blend of lemon balm, passion flower, and chamomile (Table S1 ). A typical chemical composition of lavender essential oil is presented in Table S2 . The placebo product was a softgel containing soybean oil. To mask color differences, the placebo and study products were made opaque by soaking them in a dye mixture (12.47 g maltodextrin, 10 g AmeriColor soft gel paste 119 Red, 8 g AmeriColor soft gel paste 103 Sky Blue, 180 g isopropyl alcohol, 500 mL water, and 1 g lavender oil, so that the placebo capsules smelled like the study products). The softgels were soaked in the dye mixture for 30 s, drained, and then spread in a single layer to dry overnight. A second coat of dye was applied by repeating the soaking, draining, and drying process. The softgels were stored in airtight plastic bags after they were completely dried.
Study design
The study was reviewed and approved by an Institutional Review Board before commencement. A randomized, double-blind, placebo-controlled, crossover design was used. The participants were randomized into two groups ( Figure 1 ) and assigned an identification number. For each arm of the two-arm crossover design, participants first underwent a one-week washout during which no study products or sleep aids of any kind were used. This was followed by intake of a study product (either the active supplement or placebo) for two weeks. Participants were instructed to swallow 2 softgels every night, 30 min before retiring to bed. After another one-week washout period, the participants took the other study product for two weeks following the same regimen. Both participants and researchers were blinded to the study products during each arm of the study.
Data collection
The participants filled out a validated LSEQ prior to the study and at the end of each week during the 6-week study period. The LSEQ comprises ten self-rated questions, graded using a 100 mm analogue line, concerned with aspects of night sleep and morning behavior. Weekly LSEQ assessments were conducted and compared to those completed prior to the study. On each night of the study, the participants filled out a diary for the evaluation of total time in bed, sleep time (minutes), exercise (minutes), caffeine intake (occurrence), alcohol intake (occurrence), number and duration of night wakings, and sleep latency (time to fall asleep). Sleep efficiency was later calculated as follows: Sleep efficiency = Total sleep time (min)/Total time in bed (min).
Participants were also surveyed for ISI scores both before and after each of the two study arms. ISI has seven questions. The seven answers are added up to get a total score, which indicates the sleep difficulty of the participant.
Data analysis
The statistical analysis performed was a mixed model analysis of covariance using repeated measures from each subject across the weeks of the study and subject blocking. A mixed model is preferred when measuring repeated measurements or longitudinal data because it explicitly demonstrates correlation between variables and provides a correct statistical inference (Cornu et al., 2010) . The dependent variables were LSEQ mean, total sleep time, number and duration of night wakings, sleep latency, and sleep efficiency. The independent variables were participant age, body mass index (BMI), ethnicity, and gender. The dependent and independent variables included a covariate of the initial week's measure of the LSEQ to adjust for the initial state of each subject. Post hoc, F-tests (presented in the text with degrees of freedom as subscripts, along with p-values), and t-tests were performed to assess differences between means. A pseudo Bonferroni correction was performed to adjust for the multiple comparisons being made. Thus, we used a p-value of less than 0.01 for statistical significance. For each dependent variable, the residuals were checked for normality, equal variance, and outliers. All the assumptions were met. The statistical analyses were performed using SAS software (version 9.4; SAS Institute, Inc., Cary, NC, USA).
Results
Of the 62 intially recruited, 3 dropped out before the study began. Fifty-nine participants were randomized for the study; fifty-one individuals completed the study. Of those who completed the study, 31 were female (61%) and 20 were male (39%) ( Table 1 ). The mean age of the participants was 28 years (range 19-55). Compliance with treatment was 98.4% during arm 1 (three missing data points) and 97.9% during arm 2 (one missing data point) of the study. Before the study began, 63% of the participants had subclinical insomnia (ISI score, (8) (9) (10) (11) (12) (13) (14) , 33% had moderate insomnia (ISI score, 15-21), and 4% had severe insomnia (ISI score, ≥ 22).
LSEQ analysis
The means of the overall LSEQ scores from the two-week treatment period during each arm of the study showed significant differences between the active and placebo treatments (F 1, 144 = 7.36, p = 0.008) ( Table 2 ). The mean score for the participants who took the active product was 7.1 points higher than that for those who took the placebo. However, the interaction between week of the study and treatment was not significant (p = 0.72).
The mean LSEQ scores for all participants during the second washout period were significantly higher than those for all participants during the first washout period (F 1, 46 = 13.18, p = 0.001), which shows an increase in score over time, possibly owing to familiarity with the LSEQ or placebo effect due to participation in the trial. However, this effect was balanced by the crossover design. By tracking participants after the crossover, mean LSEQ scores were the same following the second washout period for participants previously in the active and placebo groups during arm 1 of the study.
A subcategory statistical analysis was also performed (Table 2) on the responses to the LSEQ. The results from the analysis of Subcategory 1 (questions 1-3, Getting to Sleep) and Subcategory 2 (questions 4-5, Quality of Sleep) did not show significant differences in effects between the active product and the placebo. However, significant differences between the effects of the active product and those of the placebo were observed from analysis of Subcategory 3 (questions 6-7, Awakening Following Sleep). Subcategory 3 showed mean scores that were at least 10 points higher for participants who took the active product. Considering individual questions on the LSEQ, it was noted that for questions 1, 6, and 10, there were significant differences in the responses between the active and placebo groups (Table 2 ).
There was a significant interaction between a person's Insomnia Sleep Index (ISI) score prior to the study and their response to the treatment (F 1, 144 = 6.59, p = 0.0018). Participants with ISI scores between 15 and 21 (Category 2, representing clinical sleep disturbance, although none of the participants had been diagnosed with a clinical sleep disorder) showed better responses to the treatment than those with ISI scores between 8 and 14 did (Category 1, representing subclinical sleep disturbance) (p = 0.001, Table 3 ). There was an insufficient number of participants with ISI scores greater than 21 (Category 3, representing severe clinical insomnia) to determine statistical significance in that category (Table 3) .
Analysis of sleep diary data
No significant differences were found between the active and placebo groups for measures regarding total sleep, sleep latency, number of waking events, duration of waking events, or sleep efficiency (Table 4) . However, all the parameters evaluated from the sleep diaries showed higher scores when the participants were taking the active product than when they were taking the placebo, except waking duration, which was just slightly higher in the active group. 
Adverse events
Four participants (7.8%) in the active group and three participants (5.9%) in the placebo group reported minor adverse events including headache, acid reflux, dizziness, and feelings of anxiety. All reported adverse events were generally mild and resolved quickly without medical intervention. No serious adverse event was reported during the study or within the three months following the study.
Discussion
The present study shows that dōTERRA Serenity™ Restful Complex Softgels produced significant improvements in the participants' subjective assessments of sleep, particularly those assessments involving ease of falling asleep, balance and coordination upon awakening, ease of awakening, and alertness following waking. The average increase in scores over time demonstrated familiarity with the LSEQ, though the results were consistent with a significant improvement in several measures.
Since several of these measures (subcategory 3 and questions 1 and 6) involved LSEQ scores that were 10 points higher for participants taking the active product, this could indicate a clinically significant effect of the active supplement, based on previous validations performed using the questionnaire (Zisapel & Nir, 2003) .
The study provides an interesting insight into the potential beneficial effects of the supplement on sleep quality. The LSEQ was originally designed to assess subjective change in sleep parameters, including quality of sleep, getting to sleep, awakening events, and behavior following waking, in participants following a single night of treatment; however, it has been used extensively for assessing drug activity in studies ranging from one day to 24 weeks (Zisapel & Laudon, 2003) . Zisapel and Nir (2003) noted that the LSEQ was used in 83 studies involving various drugs to investigate self-reported sleep measures. The authors concluded that the LSEQ is a reliable and robust instrument for psychopharmacological evaluations. In addition, it provides meaningful and consistent measures for estimating the effectiveness of sleep modulators. In the current study, LSEQ measures provided a simple means of assessing subjective differences between the effects of an active botanical product and those of an inert placebo on sleep measures in healthy participants.
Lavender essential oil is composed primarily of linalyl acetate (30-40%) and linalool (30-40%). It contains many other minor components such as ocimene, lavandulyl acetate, terpinen-4-ol, and trans-caryophyllene (Table S1 ). While several studies have suggested that individual components of lavender essential oil have beneficial physiological activities (Brum, Elisabetsky, & Souza, 2001; Elisabetsky, Marschner, & Souza, 1995; Guimarães, Quintans, & Quintans-Júnior, 2013; Koto et al., 2006; Kuroda et al., 2005; Linck et al., 2009; Peana, Marzocco, Popolo, & Pinto, 2006; 2002), there is also some evidence that the whole oil has improved properties that maximize its therapeutic benefits (Barocelli et al., 2004) .
The exact mechanisms underlying the anxiolytic and sleep-promoting activities of lavender essential oil are poorly understood. It has been suggested that it may influence the cholinergic system, which facilitates vagal nerve activity (Akhondzadeh et al., 2003) . Linalool, one of the major components of lavender oil, may also exert effects by modulating muscarinic transmission (Peana et al., 2004) . However, in vitro studies have suggested that the anxiolytic effect of lavender oil is not due to direct interaction with the cholinergic system (Atanassova-Shopova & Roussinov, 1969) , and that other pathways are likely involved. Lavender oil and its components have shown several effects on hormones and neurotransmitter systems, such as the opioidergic system (Barocelli et al., 2004) , the glutamatergic system involved in central nervous system excitation (Elisabetsky et al., 1995) , and histaminergic pathways in the suprachiasmatic nucleus involved in regulating autonomic nervous system output and circadian rhythms (Tanida, Niijima, Shen, Nakamura, & Nagai, 2006) .
The present study focused on the oral consumption of lavender oil and the other botanical ingredients, and their subsequent absorption. Several studies (Baldinger et al., 2015; Bradley et al., 2009; Kasper, 2013; Uehleke et al., 2012; Woelk & Schläfke, 2010) have shown that oral consumption of lavender oil produces physiological effects such as anxiolysis and sleep. It is important to note that individual physiology may contribute to the effectiveness of a lavender-based product. At least one study has suggested that lavender essential oil has differential effects on females compared to males (Bradley et al., 2009) . Lavender oil has also been noted to produce paradoxical outcomes among certain age groups and in some mental states by causing sympathetic arousal rather than sedation (Bradley et al., 2009; Goel & Grasso, 2004; Goel, Kim, & Lao, 2005; Hawken, Fiol, & Blache, 2012) . In our study, the females responded slightly better to the supplement than the males did; however, this difference was not statistically significant (F 1, 144 = 1.91, p = 0.17), nor was the difference of 4.33 clinically meaningful.
As part of the post hoc analyses, we evaluated differences in response to the supplement between Caucasian and non-Caucasian individuals. We found that the non-Caucasian participants appeared to respond better to the study product (mean LSEQ scores were 4.1 points higher with F 1, 144 = 1.65, p = 0.20) than the Caucasian participants did. Again, the observed differences were not statistically significant. We also found no significant differences in responses to the supplement among different age groups. Additionally, no significant interaction between BMI and responsiveness to the study product was observed.
The current study was relatively short (2-weeks of active treatment for each participant); therefore, it is unknown whether extended periods of treatment will improve the efficacy of the supplement. One study comparing a lavender oil supplement with the selective serotonin re-uptake inhibitor (SSRI) paroxetine showed increasingly significant differences between the two treatments after the second week of treatment (Kasper et al., 2014) . SSRIs generally require several weeks of administration to achieve the required efficacy (Sinclair & Nutt, 2007) . Since the effects of lavender essential oil may occur via similar or overlapping pathways as those of SSRIs-possibly via interaction with the 5-hydroxytryptamine system (Bradley et al., 2009 )-it is conceivable that the positive results seen in this study will be potentiated over a longer treatment period. Additional research is needed to confirm this.
It is unknown why significant differences were observed in LSEQ scores but not in sleep diary measures. This may have been due to misunderstanding instructions on the form, inconsistencies in maintaining sleep diary records, and variability in reporting events. We expected to observe improvements in some of the objective measures of sleep improvement (such as increased sleep duration and efficiency, decreased sleep latency, and decreased waking events or duration) following the treatment; however, no significant differences were observed in the parameters between the active and placebo groups. Furthermore, since the measurements were positive in all aspects except waking duration of the sleep diary, this could indicate a trend toward significance. For future studies, we recommend the use of a more objective measure, such as an accelerometer or smart device, which may be used to obtain alternative measurements (van Hees et al., 2015; Tudor-Locke, Barreira, Schuna, Mire, & Katzmarzyk, 2014) .
Long term sleep disorders may lead to an increased risk of developing cardiovascular disease, diabetes, hypertension, chronic illness, reduced longevity and quality of life, and work-related injuries (Budhiraja, Roth, Hudgel, Budhiraja, & Drake, 2011; Buysse, 2013; Kripke, Garfinkel, Wingard, Klauber, & Marler, 2002; Roth, 2009 ). While the current study was a small-scale, short-term clinical trial, the results indicate that the herbal supplement containing lavender essential oil, L-theanine, lemon balm, passion flower, and chamomile might improve subjective sleep measures in healthy adults with moderate sleep problems. The study also showed that the supplement produced a low incidence of side effects and was well tolerated by participants. This herbal formulation containing lavender essential oil may serve as an effective and natural alternative to single component sleep aids or drugs.
Supplemental data
Supplemental data for this article can be accessed at https://doi.org/10.1080/2331205X.2017.1380871.
Funding
This study was funded by dōTERRA International, LLC (Pleasant Grove, UT, USA).n/a
